I Inactivation of f3-phenylethylamine and several of its derivatives was studied in a preparation of rabbit lung perfused with Krebs physiological medium at 370C. Inactivation or removal of these compounds was calculated as the difference between the concentration of each amine in the perfusion medium and the effluent, collected separately from each lung. The extent of amine metabolic degradation was also measured, by column chromatography, in lung effluent. 2 With this technique the magnitude of amine removal as a function of concentration was determined and an apparent Km and Vmax of removal were calculated for each amine. 3 Percentage removal was highest with phenylethylamine (95%), and decreased, apparently in relation to increasing phenyl-and side chain-hydroxylation (and therefore likely increased hydrophilicity), with 5-hydroxytryptamine (64%), tyramine (53%), octopamine (35%), dopamine (32%) and noradrenaline (23%). 4 Inactivation of each amine could be accounted for by metabolic degradation to deaminated products, which appeared in lung effluent within 90 s of beginning amine perfusion. 5 When intrapulmonary metabolism of phenylethylamine was inhibited by simultaneous perfusion with semicarbazide (10 mM) and pargyline (10 gM), the removal rate was unaltered, establishing that uptake of the amine from the vascular space is not dependent on metabolism at least for 4 min infusions.
Introduction
After they leave the vascular space of perfused rabbit lung, 5-hydroxytryptamine (5-HT), noradrenaline (NA) and phenylethylamine are degraded by monoamine oxidase (MAO) and, in the case of NA, also by catechol-O-methyltransferase (COMT) (Hughes, Gillis & Bloom, 1969;  Gillis & Iwasawa, 1972; Roth & Gillis, 1975) . Three forms of MAO have been distinguished in the perfused lung. These are the A and B forms of the mitochondrial oxidase and the 'plasma' amine oxidase (Roth & Gillis, 1975) . During a single passage of [14C]-phenylethylamine through rabbit lung almost 90% of the radioactivity appearing in the effluent was associated with the product of deamination, phenylethylacetic acid; little retention of phenylethylamine or metabolite was evident in these lungs (Roth & Gillis, 1975) .
There is at present little information available concerning those structural features which are important for removal (i.e., transport and/or metabolism) of phenylethylamine derivatives by the lung. Accordingly, we carried out, and describe in this paper, results of experiments in which we compared the rates of removal and extent of metabolic degradation, in the perfused lung, of phenylethylamine, tyramine, octopamine, dopamine, NA and 5-HT.
Methods

Lung perfusion and chromatography
Experiments were carried out on the rabbit lung perfused in vitro as described by Gillis & Iwasawa (1972) . This preparation, in effect, creates paired organs for experimental purposes. In brief, left and right lungs were perfused independently at 10 ml/min with physiological medium (pH 7.4; 370C) for a 15-min period to clear the lungs of blood. The for O min with this medium to which one of the amines under study (14C or tritium labelled) had been added. During amine perfusion, the lung effluent was collected for 1 min periods. Total radioactivity in each effluent fraction and in the perfusion medium was measured. Aliquots of lung effluent (0.5 ml) were passed through columns of Bio-Rex 70 (Bio Rad Labs, Richmond, Calif.) cation exchange resin after which the deaminated product was eluted from the columns with 2.5 ml of water (Roth & Gillis, 1975 
Results
The ability of rabbit lung to deaminate phenylethylamine, 5-HT, tyramine, octopamine, dopamine and NA is illustrated in Figure 2 . Also indicated in parentheses in the figure, are the (percentage) total removal and total metabolism for each amine. Data presented in Figure 2 are representative of at least 4 similar experiments with each amine. In these experiments rabbit lungs were perfused with 1-2,uM of one of the radioactivelylabelled amines for 10 minutes. The percentage removal of phenylethylamine was 95%, the highest observed. This is followed, in decreasing order, by removal of 5-HT (64%), tyramine (53%), octopamine (35%), dopamine (32%) and NA (23%). By comparing the figure for percentage total deaminated product appearing in the effluent with the corresponding value for percentage removal, it can be seen that, among the amines tested, phenylethylamine, tyramine and dopamine were those most effectively deaminated by perfused rabbit lung. In the cases of NA and dopamine, the percentage of radioactivity in the acid effluent of columns (COMT metabolites) was always less than 8% of the total. In experiments designed to estimate initial rates of amine removal, lungs were perfused with different amine concentrations during 4 successive perfusion periods as described in the Methods section. However, it was first necessary to demonstrate that at a given concentration of amine, removal remained constant during each period of perfusion. Figure 3 . The average Km (+ s.d.) determined for 5-HT and NA was 2.7 pM 1.7 (n = 6) and 3.2 iM 1.1 (n = 5), respectively. Pulmonary removal of the phenylethylamine derivatives, as a function of increasing concentrations perfused is illustrated in Figure 4 . It is clear from this figure, and also from the data presented in Figure 2, that over the concentration range used, phenylethylamine was the most extensively removed amine and was followed in decreasing order by tyramine, dopamine, octopamine and NA. Attempts were made to analyze the data of Figure 4 according to the method of Lineweaver & Burk (1934) . The apparent' Km and Vmax values for NA, tyramine, dopamine and octopamine are shown in Table 2 . Though linear double reciprocal plots were obtained for each of these amines, the calculated Km values for the latter three amines were greater than the highest concentration perfused through the lung to estimate those Km values. However, when in additional experiments, the concentration range of each amine was raised to include that represented by the Km value shown in Table 2 , the Km then calculated also fell outside this new concentration range used.
As shown in Figure 4 , removal of phenylethylamine was linear over the relatively narrow range (0.41-3.3 ,uM) of concentrations used. Phenylethylamine was chosen for additional study since it was much more rapidly and extensively degraded by the perfused lung than the other amines used (see Figure 2) . In separate series of experiments in which lungs were perfused with concentrations of phenylethylamine ranging from 0.83 gM to 830 gM, removal was also linear as shown in the log-log plot in Figure 5 . At concentrations below 8.3 gM, 76-80% of the radioactivity appearing in fractions three, four and five (collected between 90 and 180 s after beginning perfusion) was deaminated product. The percentage of deaminated product appearing in the effluent was greatly decreased when phenylethylamine was perfused at 83jtM (49+0.7%; n=6) and 830 JM Amine (pM) (10 + 0.9%; n = 6), suggesting that MAO is likely to be saturated at these concentrations. These results are consistent with data obtained in vitro which indicate that the Km for phenylethylamine deamination by lung mitochondrial MAO is approximately 7 gM (Roth & Gillis, 1974) .
In view of the extensive intrapulmonary degradation of phenylethylamine, it was of interest to determine whether inhibition of such metabolism affected initial rate of removal. Therefore, lungs were perfused for 15 min with pargyline (10 gM) and semicarbazide (10 mM) and then with phenylethylamine (0.83-830 gM) and the inhibitors.
These concentrations of pargyline and semicarbazide were shown previously (Roth & Gillis, 1975) to inhibit completely the metabolism of phenylethylamine by rabbit lung. Data from these experiments also are presented in Figure 5 ; it is evident that removal was unaffected by this treatment.
Discussion
The process of amine removal, within the context of experiments involving perfused lung, has been defined (Gillis, 1976) (Hughes et al., 1969; Junod, 1972; Nicholas, Strum, Angelo & Junod, 1974) . Transport of NA and 5-HT from the vascular space is considered to be the ratelimiting step in overall removal (Alabaster & Bakhle, 1970 , 1973 Junod, 1972; Gillis & Iwasawa, 1972 (Figure 2 ) and at least 75% on the average, of radioactivity in lung effluent is in the form of metabolite. Accordingly, removal in this case seems to reflect largely metabolic degradation. Yet, metabolic inhibition with pargyline and semicarbazide ( Figure 5 ) does not affect total removal. This observation, coupled with the linear relationship between a wide range of phenylethylamine concentrations and removal ( Figure 5) suggests the existence of a purely passive process which brings this amine into contact with the forms of MAO responsible for its degradation (Roth & Gillis, 1975) .
Noradrenaline represents the opposite extreme. In this case removal is the lowest of any amine used, but seems to involve energy-dependent, temperature and drug-sensitive transport (Bakhle & Vane, 1974; Gillis, 1976) . Furthermore, metabolic inhibition does not affect net removal during short-term perfusion (Gillis & Iwasawa, 1972; Alabaster & Bakhle, 1970 , 1973 Nicholas et al., 1974) .
The ability of rabbit lung to remove phenylethylamine and its structural analogues appears to be related to the hydrophobicity of these amines. Thus phenylethylamine, being the most liphophilic of these compounds, is removed to the greatest degree whereas, NA, with three hydroxyl groups, is removed to the least extent (Figures 2 and 4) . Also, in conformity with this explanation, tyramine is more effectively removed than is octopamine or dopamine, while the latter two dihydroxylated amines are removed by lung to a greater extent than is NA. This suggests that for the more lipid soluble amines, passive transport in lung endothelium may play a major role in their removal.
The ability of the perfused rabbit lung to degrade phenylethylamine and structurally related amines is related to both uptake and the form or forms of amine oxidase which are responsible for their deamination. The three amines, phenylethylamine, tyramine and dopamine, which, in relation to percentage removal, are degraded to the greatest extent (Figure 2) are each metabolized by two or more forms of the oxidase. For example, phenylethylamine has been shown to be deaminated by the B form of the mitochondrial oxidase as well as the 'plasma' amine oxidase (Roth & Gillis, 1975; Bakhle & Youdim, 1976) . Tyramine and dopamine are degraded by all three forms of amine oxidase identified in the lung vasculature (Neff & Yang, 1974) . In contrast, 5-HT, octopamine and NA are deaminated by only the A form of the mitochondrial oxidase (Neff & Yang, 1974) , although 5-HT is also reported to be a poor substrate for 'plasma' MAO (McEwen, Cullen & Sober, 1966) .
It is noteworthy that we consistently observed metabolism of dopamine by the perfused lung. If the dopamine metabolite is biologically inactive this would imply that there is some loss of dopamine 'activity' during passage through lung. Available information on this possibility is conflicting. Thus, Boileau, Crexells & Biron (1972) found that the pressor effect of dopamine was unaffected by transpulmonary passage in rat, dog or man. However, Nicholas et al.
